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© Fibre optic damage detection system. 



• A structural damage detection system for providing simultaneous monitoring of crack parameters 
utilising substantially parallel co-planer arrays (12) of fibre optic cables (2). 
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This invention relates to structural damage d - 
tection systems, and more particularly to structural 
damage det ction systems utilising optical fibres. 

The use of surface mounted deformation and 
damage detection systems for the monitoring of 
structural integrity within metallic, ceramic or compo- 
site structures is well known within the construction 
and aerospace industries. 

The monitoring of the structural integrity of any 
structure or "structural health" to which it is some- 
times referred, consists of the measurement of a 
number of parameters usually including crack growth, 
crack direction and point strain measurement In the 
field of fibre reinforced composites various techni- 
ques have been proposed for the measurement of 
crack and strain properties. These usually comprise 
of embedding the sensory device or fibre in the lay- 
up of the composite thus requiring detailed and spe- 
cialist manufacturing techniques. In the field of met- 
allic, ceramic and civil engineering construction, 
crack detection is usually conducted using "tell tales". 
Tell tales comprise thin sections of either glass, con- 
ductive wire or cotton which when fastened to the 
structure will break as a crack propagates between 
their fastened length. Tell tales give a visual indication 
of crack propagation or in the case of conductive wire 
can be arranged to give an electrical indication (i.e. 
breakage). Allied to the measurement of structural 
health strain measurement is usually conducted us- 
ing metallic strain gauges bonded onto the surface of 
a structure. A recent advance in fibre optic technolo- 
gy was the use of "Bragg" gratings which are patterns 
laser etched onto a single glass fibre which perform 
a similar function to a conventional strain gauge but 
on a for reduced physical scale. 

The monitoring of structural health therefore re- 
quires the combination of a number of techniques for 
different materials if it is to be conducted in situ i.e. 
from within or attached to the structure, as opposed 
to the traditional externa) non-destructive test techni- 
ques such as eddy current sensing or dye penetrant 
methods. 

It is an object of the present invention to provide 
a structural damage detection system which may be 
employed with structures of any material required to 
be monitored. 

It is another object of the present invention to pro- 
vide a structural damage detection system which pro- 
vides for the simultaneous monitoring of crack posi- 
tioning, propagation rate, direction and point strain 
levels. 

According to the present invention in one aspect 
thereof a method of measuring structural defects of 
a structure includes the steps of. 

a) Attaching to said structure at least one struc- 
tural defect sensor comprising a plurality of long- 
itudinally xtending fibre optic cables mounted in 
a pred termined spaced apart substantially par- 



allel co-planer array, one side of said array being 
adapted for attachm nt to a surface of a struc- 
tur to be tested, 

b) coupling each of said fibre optic cables to a 
5 light source, and, 

c) monitoring a variation of a light parameter 
measured by said light. 

According to the present invention in another as- 
pect thereof there is provided a structural damage 
10 sensor comprising a plurality of longitudinally extend- 
ing fibre optic cables mounted in a predetermined 
spaced apart substantially parallel co-planar array 
one side of said array being adapted for attachment 
to a surface of a structure to be tested. 
15 An embodiment of the invention will now be ex- 
plained by way of a non-limiting example in which the 
foltowing figures will be referred to: 

Figure 1 A and 1 B are cross sectional views of opt- 
ical fibre ribbon cable assemblies mounted on 
20 structures to be tested, 

Figure 2 is a block schematic diagram of appara- 
tus used in a typical structural health monitoring 
scenario, 

Figure 3 is a block schematic diagram of an alter- 
25 native arrangement to that of Figure 2 for struc- 
tural health monitoring. 

Figure 4 is a plan view of a structure under test 
showing the effects of crack propagation on the 
optical fibre ribbon cable of Figure 1 A or Figure 
30 1B, 

Figure 5 is a perspective view showing the layout 
of typical Bragg gratings along the ribbon cable, 
and 

Figure 6 is a plan view showing a typical appHca- 

35 tion of the apparatus according to the invention 
to aircraft structural health monitoring. 
Referring to Figures 1 A and 1 B an array of co-pla- 
nar parallel optica) fibres 2 are bonded together and 
held in a matrix 8 which may be of either polymer or 

40 elastomeric composition. This arrangement of fibres 
is known as a "ribbon cable" which additionally can 
have some pre-impregnated adhesive surface incor- 
porated on one side 4 to enable the cable to be bond- 
ed to a typical surface 6 shown here as metallic. 

45 Figure 2 shows apparatus which may be used in 
an application for monitoring both crack properties 
and point strain measurements. A ribbon cable 12, 
comprising fibre optic cables 2 is bonded to the sur- 
face of a structure 6 using the adhesive pre-impreg- 

50 nated on the ribbon cable 12. The ribbon cable 12 is 
then fastened to an end connector 10 which combines 
the optica) fibres 2 into a fibre bundle 14 which con- 
nects via an optical switch 16 to a light source 18. 
The tight from source 18 is directed along fibre 

55 bundle 14, through the optical switch 16 and into the 
ribbon end connector 10. The light is then passed 
along each individual optical fibre within which the 
light reflects internally either at its end position or at 
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a br ak point within the ribbon 12. The reflected light 
travels back through the connector 10 into the fibre 
bundle 14 and via th optical switch 14 to a detector 
unit 20. In the detector unit 20 the optical signals are 
converted to digital or analogue form before being 
sent to the CPU 22 for processing. Once processed 
the CPU 22 outputs the information obtained to a dis- 
play means 24 comprising either video or printer or al- 
ternative display format. 

Figure 3 shows an alternative arrangement to 
Figure 2 whereby a second light source 26, optical 
switching unit 30 and detector 34 are utilised in com- 
bination with the apparatus described in Figure 2. The 
reflection of light from both ends of a ribbon cable will 
result in two signals requiring processing by the CPU 
22 and thus enables the positioning of any disconti- 
nuity on an individual fibre 2 to be more accurately es- 
tablished. 

The detection system 20 and 34 will use an ap- 
propriate method for determining the distance of the 
fibre discontinuity from the light source or end con- 
nector reference position, such as time domain meas- 
urement and a multiplexing system for determining 
from which fibre the light source is being analysed. 

By way of an example of the inventions applica- 
tion to structural health monitoring, Figure 6 shows an 
optical fibre ribbon cable 12 positioned adjacent to a 
line of fasteners 36 in a typical aircraft structure. 

Figure 4 shows the effect of crack propagation 
across the fibre direction of the ribbon cable and thus 
the damage to the fibres that will be detected by ana- 
lysis. 

Additionally, the fibres within the ribbon cable 
can be utilised to monitor point strain measurements 
by the inclusion of Bragg Gratings along the length of 
specific fibres. 

Figure 5 shows one such grating 37 which when 
subjected to strain within the ribbon cable 12 will de- 
form and thus produce a change in the reflected light 
characteristic of that fibre 2 which will be recognised 
by the detection system 20 and 34 as changes in 
strain levels. 



c) monitoring a variation of a light parameter 
measured by said light 

2. A structural defect sensor comprising a plurality 
5 of longitudinally extending fibre optic cables 

mounted in a predetermined spaced apart sub- 
stantially parallel co-planar array one side of said 
array being adapted for attachment to a surface 
of a structure to be tested. 

10 



Claims 45 

1. A method of measuring structural defects of a 
structure including the steps of: 

a) Attaching to said structure at least one 
structural defect sensor each comprising a so 
plurality of longitudinally extending fibre optic 
cables mounted in a predetermined spaced 
apart substantially parallel co-planer array, 

one side of said array being adapted for at- 
tachment to a surface of a structure to be test- 55 
ed. 

b) Coupling each of said fibre optic cables to 
a light source, and. 
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